We have assessed the long-term results of coronary bypass surgery for angina from 1974 to 1983 in 1304 patients aged 65 years and older (group 1). Using actuarial techniques, we determined that the 5 year and 10 year survival rates for patients 65 years old or older were 81 + 2% and 65 + 3% (mean + SE), respectively. The patients aged 65 years and older were further subdivided into those aged 65 to 74 years (group la) and 75 to 84 years (group lb) and were compared with 1700 patients aged 55 to 64 years (group 2). The operative mortality in the three subgroups was 3%, 3%, and 2%, respectively (p = NS). For coronary bypass surgery, the duration of hospital stay was significantly longer (p < .0001) by a mean of 1 to 2 days for group 1 patients and the cost of hospitalization was higher by a mean of $700 (p = .25). The cost of hospitalization was significantly higher only for group lb patients (p = .005). The 5 year survival rates for the three subgroups (la, lb, and 2) were 83 + 2%, 73 ± 5%, and 91 + 1%, respectively, and the 10 year survival rates were 66 + 3%, 65 + 7% (7 year rate for subgroup lb), and 77 2%, respectively. The lower survival rates for subgroups la and lb were significant (p < .001); however, this lower survival was only seen in men. The mortality in the general population is expected to be higher for men than for women and for patients over 65 years old (expected mortality). For men, the mortality observed in our patients was lower than the expected mortality by a similar margin for all three subgroups. This suggests that the observed higher mortality of men in subgroups la and lb is at least partly related to their older age. The reoperation rates (p = .72) and angina status at 1 to 5 years (p = .08) and 6 to 10 years (p = .68) were not significantly different among the three subgroups. We conclude the immediate and long-term results of coronary bypass surgery in patients aged 65 to 84 years are similar to those seen in a younger patient group. Therefore coronary bypass surgery should be offered to the older members of our society for the usual indications.
The results of bypass surgery in this age group are therefore of great interest; however, there is little information on survival7 and on relief of symptoms beyond 5 years of follow-up.
The purposes of this study were to analyze the results of coronary bypass surgery for angina in patients aged 65 and older at a single institution to determine the long-term survival and relief of symptoms and to compare these findings with those for patients aged 55 to 64 years.
Methods
From January 1974 through December 1983, 4427 patients underwent bypass surgery for angina at St. Vincent's Hospital and Medical Center, Oregon Health Sciences University in Portland; 1304 of these patients were aged 65 years or older (group 1). The patients aged 65 years and older were further subdivided into those aged 65 to 74 years (group la) and those aged 75 to 84 years (group lb) and were compared with all patients aged 55 to 64 years (n = 1700, group 2). Patients operated on before January 1974 were not analyzed for this report because we have demonstrated that those patients had poorer results as a consequence of the developing stages of the operation6; a similar experience has also been noted by other surgical centers. [8] [9] [10] Angina was defined in the standard manner. The three subgroups of unstable angina were defined as described in detail previously. l ' In brief, pain at rest was considered to be present when patients had anginal pain at rest that was severe enough to warrant admission to an intensive cardiac care unit where acute myocardial infarction was excluded as the cause; postinfarction pain was considered to be present when patients had continuing pain after recovery from acute myocardial infarction, that is, from 1 or 2 weeks to 3 months after infarction; and progressive/recent pain was considered to be present when patients had progressive anginal pain beginning within the previous 6 months that was increasing in severity, duration, or frequency in spite of medical treatment. Patients were considered by their cardiologists to have received an adequate trial of medical therapy and to have anginal pain that could not be adequately controlled by such therapy. Medical therapy11 consisted of control of risk factors (in particular, systemic hypertension); treatment of myocardial ischemic pain with nitrates and /3-adrenergic blocking agents and, more recently, with calcium entry-blocking agents; treatment of heart failure and arrhythmias, if present; and restriction of activity as was deemed appropriate. Patients were listed as having diabetes, systemic hypertension, and cardiomegaly if they were receiving pharmacologic therapy for diabetes, if their diastolic blood pressure was 90 mm Hg or higher or if they were on specific pharmacologic therapy that controlled their blood pressure, and if the cardiothoracic ratio on chest roentgenogram was greater than 0.50, respectively.
Annual follow-up questionnaires are sent to all patients; more intense follow-up is provided as needed. Follow-up (1983) (1984) was complete for 2749 of 3004 (92%) patients: 1033 of 1192 (87%) patients operated on from 1974 to 1978 and 1716 of 1812 (95%) patients operated on from 1979 to 1983. Only six patients aged 75 to 84 years had had follow-up beyond 7 years; therefore late survival and other data are provided only up to 7 years. Data were entered into a computer, and if there was a concern, the original data were reviewed. Many angiograms were not available for review at time of data entry into the computer, primarily because they had been returned to the referring cardiologist, and thus details could not be confirmed. Therefore, when the patients are subdivided on the basis of the number of vessels involved, the number of patients does not equal the total number of patients operated on. In a small number of patients, the left ventricular angiograms could not be evaluated, primarily because of an arrhythmia that occurred during the ventriculographic study; therefore, the sum of the patients with "normal" or "abnormal" function does not equal the total number of patients.
Left ventricular function was considered abnormal if the left ventricular end-diastolic pressure was 15 mm Hg or higher (the mean + 2 SD for normal subjects is 10 + 4 mm Hg)12 and/or if the left ventricular wall motion was assessed as abnormal on subjective analysis of the ventriculogram13; in all other patients, left ventricular function was considered normal. In our study, left ventricular function was assessed by standard techniques, but these have certain limitations. One factor we have used to assess left ventricular function is a hemodynamic one left ventricular end-diastolic pressure. Burggraf and Parker'4 have shown that patients with normal left ventricular end-diastolic pressure have a significantly longer survival with medical therapy than patients with an elevated left ventricular end-diastolic pressure. We assessed left ventricular systolic pump function from angiograms by evaluating the presence of either localized or generalized wall motion abnormalities. The evaluation was subjective; that is, it was done by visual inspection of the angiogram. This technique of evaluating left ventricular function has limitations,'3 but it has been used in randomized5-18 and nonrandomized studies of the results of medical and surgical treatment of coronary artery disease. i l l 19-21 The method of evaluating left ventricular function in our study was no different from that generally used in these other studies.
Other studies have shown that left ventricular ejection fraction is the most important determinant of survival in coronary artery disease. 22 23 However, recent data from the Coronary Artery Surgery Study (CASS) also show that subjective evaluation of left ventricular function from left ventricular angiograms predicts operative mortality and late survival.2>26 CASS, however, used a scoring system that was compared with left ventricular ejection fraction and that was a subjective not objective assessment. Ejection fraction was obtained from uniplane and not biplane angiograms; biplane angiograms yield more accurate ejection fraction in the presence of localized wall motion abnormalities that are common in patients with coronary artery disease.
A revascularization index was calculated as the ratio of the number of vessels grafted to the number of obstructed arteries identified on coronary arteriography." The revascularization index was calculated only in those patients in whom the number of arteries that were diseased was accurately defined at the time of data entry. Coronary arteries with a reduction in lumen diameter of 50% or more were considered to be obstructed; this corresponds to a reduction of 75% or more in the cross-sectional area of the arterial lumen.
The duration of hospital stay for the years 1980 to 1983 and the cost of hospitalization for the period January to June 1983 were obtained retrospectively in 1985 by review of patient charts and hospital billing records.
Surgical technique. In all instances, surgery involved a sternum-splitting incision, with cardiopulmonary bypass performed at a body temperature of 300 C. The saphenous vein was the preferred conduit for coronary bypass grafting, but recently internal mammary artery anastomosis has been performed more frequently. The cephalic vein was used as a conduit rarely and only if the saphenous system was unavailable. The distal anastomosis was performed during a brief period (rarely exceeding 10 min) when the aorta was cross-clamped. The proximal anastomosis was made with the heart beating. For multiple grafts, this sequence was repeated as often as required. A continuous suture technique was used for all anastomoses. Cardioplegia was not commonly used for myocardial protection.
Statistical methods. Survival probabilities and standard errors were estimated by the life-table method.27 Actuarial curves were compared by means of the log-rank statistic.28 Chi-square statistics were used to compare categorical variables and analysis of variance for continuous variables. A p value of > .05 was considered not significant statistically.
Results
Preoperative findings. The sex distribution, frequency of risk factors, and type of angina are shown in table l. Age, extent of coronary artery disease, state of left ventricular function, and number of grafts inserted are shown in table 2. The mean revascularization index in the three subgroups was 0.87.
Operative mortality. The operative mortality (i.e., 1 month mortality) was 3% for 1126 patients aged 65 to 74 years (group la), 3% for 178 patients aged 75 to 84 years (group lb), and 2% for 1700 patients aged 55 to 64 years. The operative mortality rates for patients in the three subgroups characterized by sex, type of angina, extent of coronary artery disease, and left ventricular function are shown in detail in table 3. There were no significant differences among the three groups. However, operative mortality in patients with abnormal left ventricular function was higher than that in patients with normal function in all three age groups (4.0% vs 1.4% overall; p < .001).
The duration of hospital stay and the cost of hospitalization for bypass surgery in the three subgroups is shown in table 4.
Long-term survival and status of angina. The 5 and 10 year survival rates for patients aged 65 years or older were 81 ± 2% and 65 ± 3%, respectively (figure 1).
The survival for all patients, for men and for women in the three subgroups, are shown in figures 2, 3, and 4, respectively.
Survival probabilities in the three subgroups of patients, according to type of angina, extent of coronary artery disease, and left ventricular function, are shown in detail in table 5.
The incidence of reoperation and the postoperative functional class on the basis of angina are shown in figure 5 and table 6, respectively.
Discussion
Our data show that 1 126 patients aged 65 to 74 years (group la) and 178 patients aged 75 to 84 years (group lb) undergoing coronary bypass surgery for angina had an operative mortality of 3% and 3%, respectively; the duration of hospitalization was 11.4 ± 5.5 and 13.3 + 6.9 days, respectively; and the cost of hospitalization was $13,000 ± 3400 and $16,900 + 4600, respectively. At 5 and 10 years, the incidence of reoperation was approximately 4 + 2% and 6 + 2%, and 65% and 55% were free of angina. In all of these respects, the findings in groups la and lb were not substantially different from those in group 2. The 5 and 10 year survival rates for group 1 patients were 81% and 65%, respectively. The 5 and 10 year survival rates were significantly lower in group la and lb than in group 2 (figure 2); however, this was true for men ( figure 3 ) and not for women ( figure 4) .
Reports of bypass surgery from 1973 to 1977 in the older patient population gave operative mortality rates that ranged from 3.7% to 19%.29-34 Later reports gave operative mortality rates of 0% in 25 patients35 and of 1.6%. 36 In 1983, Faro et al. 37 reported an operative mortality of 10.5% for 105 patients aged 70 years or older, and CASS reported operative mortality of 9.6% for 42 patients aged 75 years or older and 5.1% for 1044 patients aged 65 to 74 years. 38 In contrast, Loop et al. 39 found that increasing age did not increase operative mortality when their data were analyzed in a multivariate manner. Likewise, our data from 1304 patients show that the average operative mortality in the older patient is low (3%) and is not significantly increased over that for patients aged 55 to 64 years. The incidence of various risk factors for coronary artery disease, type of angina, extent of coronary artery disease, and frequency of abnormal left ventricular function was not significantly different in our three subgroups of patients and would not account for the lack of increase of operative mortality in the older patient that we have observed. In most subgroups in our study, the operative mortality ranged from 1% tc 5%; the extremes were several subgroups with operative mortality rates of 0 and one subgroup of nine patients with an operative mortality of 1 1% (one death). Contrary to the findings in several studies thai have reported higher operative mortalities in women,25 37, 38 40, 41 in our study the operative mortality in women was similar to that in men, a finding that we have previously reported for unstable angina." l In patients with abnormal left ventricular function, operative mortality was higher, a finding also observed in other studies. CASS38 reported the duration of hospital stay for bypass surgery was significantly higher (p < .001) for patients 65 years of age or older (13.3 + 0.2 days) when compared with that for patients under 65 years of age (1 1.4 + 0.9 days). The duration of hospital stay in CASS35 for patients aged 65 to 69, 70 to 74, and 75 to 84 averaged 12.9, 14.0, and 16.5 days (p < .005). In our study, the average duration of hospital stay was lower (in patients aged 55 to 64, 65 to 74, and 75 to 84 years it averaged 10.5, 11.4, and 13.3 days), but the differences were still statistically significant (p < .001); the difference was greatest in group lb (75 to 84 years). Our data on hospital stay cover a different period (1980-1983 vs 1974-1979 in CASS), which may or may not explain the observed difference be- Groups la+lb 1304 1111 829 608 434 320 224 157 89 34 11 tween the two studies. However, the CASS findings are pooled data from 14 centers with a wide range of surgical skills,42 whereas our data are from a single center. Thus it is likely that several centers in CASS may have had findings that are not different from ours. The cost of hospitalization has not been previously reported in this group of patients. In our study, retrospectively obtained data from a selected time period shows a difference in hospitalization costs in patients in groups la and lb ($13,598) when compared with those in group 2 ($12,903); however, this difference did not achieve statistical significance (p = .25). The reasons why the increased cost of hospitalization did not achieve statistical significance whereas the longer stay in hospital did are probably complex. The cost of an additional stay in the hospital by 1 or 2 days in patients undergoing bypass surgery is likely to be small compared with the costs of the surgery and the first week in the hospital; therefore a large number of patients will be needed for the difference to become statistically significant, especially as the majority of patients were in group 1 a and their average increased hospital stay was only 1 day. However, the cost of hospitalization in group lb was significantly higher (p left ventricular.
-.005) than that in group la or in group 2 (table 4) . The late survival of our patients was very good, considering that these patients were aged 65 to 84 years at the time of surgery, that many had had a previous myocardial infarction, that about half had unstable angina, that half had abnormal left ventricular function, and that they had severe coronary artery disease. The 5 year survival of patients in the present study is comparable to that seen in other studies. 431. 44 The 10 year survival in this age group has been report-ed previously7' 4 and the findings also appear similar; however, those studies were not restricted to "older"5 patients. In one study, the status of angina, risk factors for coronary artery disease, extent of coronary artery disease, state of left ventricular function, and completeness of follow-up were not described,7 and in the other study, similar data are also not available for the older patients because the data were combined with those of a much larger number of patients who were younger.44 Age The reason for the lower 5 and 10 year survival of patients aged 65 to 74 years and 75 to 84 years seen in our study and previously reported by CASS for 5 year follow-up43 and for 5 and 10 year follow-up in the Houston and Cleveland Clinic data7 44 has not been explained7' 43' 44 and needs to be carefully evaluated. It cannot be explained on the basis of the risk factors for coronary artery disease, type of angina, extent of coronary artery disease, state of left ventricular function, and degree of revascularization because all of these were similar in the three subgroups (tables 1 and 2). It is noteworthy that the lower survival was not seen in women (figure 4) but was present only in men ( figure  3) . It is known that the expected annual mortality for the population increases as the people get older5; the 5 and 10 year expected mortality rates for the male and female "normal" population from the State of Oregon45 aged 55 to 64 years, 65 to 74 years, and 75 to 84 years are shown in figures 6 and 7. The observed 5 and 10 year mortality rates in our patients and those expected for the "normal" Oregon population are given in table 7. It shows that the observed lower late survival of our male patients aged 65 to 74 years and 75 to 84 years when compared with those aged 55 to 64 years can be explained at least partly by the expected lower survival of the older patient. It is not our intent to compare our patients with the "normal" Oregon population to prove that bypass surgery improves survival because of the known pitfalls of such a comparison,' but merely to consider the effect of increasing age on late survival.
It is difficult to compare the results in our patients with those of medically treated patients because comparable data are not published. The randomized trials of bypass surgery specifically excluded patients aged 65 years or older. 15 16, 48 Recently, CASS suggested that surgery improved survival especially in "high- risk" subsets by comparing medically and surgically treated patients in the registry. 49 It is difficult to accept such evidence as proof because of bias in selection of therapy, the cross-over problem, and the significant differences in the large number of baseline characteristics between the two groups49 that simply cannot be corrected by complex biostatistical manipulations. 4 50 The frequency and severity of angina in our three subgroups of patients were not significantly different; in the 6 to 10 year follow-up period, over 50% of patients were free of angina, and almost 80% were free of angina or had mild angina. As the length of followup increases for patients who have undergone bypass surgery, the need for reoperation will receive additional emphasis. We found this need to be low: 0.5% to 1.0% per year. We conclude that the results of coronary bypass surgery for angina for patients aged 65 years or older are most satisfactory and are comparable to those aged 55 to 64 years. Therefore bypass surgery should be offered to the older members of our society for the usual indications in the proper clinical setting.
